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In very general terms, we (scientists, managers,
the public) care about attributes of ecosystems
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Why we need
ecological indicators:

“Attributes” are hard to measure!

Mandate! Washington Marine Spatial
Planning legislation (2010) requires
development of indicators to:

— Assess “the health and trends of the ocean
ecosystem.”

— Detect changes in components of the
ecosystem that we care about




What is an ecological indicator?

Empirically tractable metrics that reflect the status or trend in
ecosystem attributes

— Status: where are we now?
— Trend: where are we going?

Examples of indicators in other fields:
— Human Health: Blood pressure, Body temperature

— Economics: Unemployment rate, Housing starts

— World Health: Infant mortality rate, Immunization (%) T

— Public Safety: Homicide rate, Traffic accidents per capita

— Education: Adult literacy rate, Expenditures as %GDP




Assessing the “health” of WA coastal
ecosystems for marine spatial planning

1. Develop conceptual models of the
key physical, ecological and human
activities in habitats of the outer
Washington coast.




Washington Academy of Sciences report on development
of ecosystem indicators by the Puget Sound Partnership
(Orians et al. 2012)

* Reviewed the process for selecting
indicators by the Partnership

» Part of that process included the
same indicator screening protocol
“ iR rﬁalisélm IL?n'i‘hteo Igégin with a
conceptual model of the ecosystem
being evaluated, and to use this
understanding to guide the selection

of indicators that represent the
important attributes of the system.”
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SOUND INDICATORS:

A REVIEW FOR THE PUGET SOUND PARTNERSHIP

An assessment of the Puget Sound Partnership’s

progress in developing the scientific basis for

monitoring and assessing progress toward achieving

a vibrant Puget Sound




Conceptual framework for selecting
ecological indicators
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Conceptual models

‘ KELP FOREST HABITAT |

LY Kelp forests typically are associated with wave-exposed rocky reefs
from the subtidal zone down to about 60-meter depths. The
dominant canopy-forming kelp species in Washington is bull kelp,
which extends from rocky attachments to the surface during the
growing season. Many understory kelp species are found below.
Kelp provides three-dimensional habitat structure for many pelagic
and benthic species at the margins of the intertidal and open ocean
communities. This includes nursery habitat for young-of-the-year

rockfishes. Both live and detached kelp pmvndes detritus that is fed




Conceptual models

”  KELP FOREST HABITAT Il

s \ ENVIRONMENTAL DRIVERS
locauzen Lt s o 0 PO e i g
u ) y i ing.
CLIMATE SOLAR ENERGY These factors are especially important for the rapid growth of bull
STORM CHAN GE kelp, which has a lifespan of a single growing season. Sediment

loading may bury newly settled kelp sporophytes, or may increase

turbidity and reduce light for photosynthesis. Kelps are often

damaged or detached in intense local storm events. Future climate
ge may affect kelp orest | {




Conceptual models

KELP FOREST HABITAT IlI
ECOLOGICAL INTERACTIONS

So-called “keystone” predator-prey interactions are critical to kelp
forest structure. Sea otters prey heavily on sea urchins and other
large invertebrates like abalone. If otters are not present, sea urchins
can overgraze kelp and even remove it. Thus, the presence of otters
promotes kelp production and provides the complex habitat that
supports this community. Among other important interactions:
phytoplankton supphed by earshore coastal waters supports
ankt ’



onceptual models

«  KELP FOREST HABITAT IV
" = HUMAN ACTIVITIES

Kelp forests provide recreational fishing opportunities, and also are
important nursery habitats for fishes, such as rockfishes, that

subsequently move into deeper waters and support large-scale
OIL SP".LS, commercial groundfish fishing. Kelp forests receive some human-
POLLUTION, FISHING derived nutrient loading, although the small coastal population, lack
of large rivers and limited land use in northwestern Washington
MAI'“NE DEBR'S limits this impact. Kelp forests are also vulnerable to oil SDIIIS

pollution and debris from oce



Conceptual models

PELAGIC HABITAT Il
ENVIRONMENTAL DRIVERS

Physical processes govern circulation and mixing in the pelagic zone. The
SOLAR ENERGY major current is the California Current, which flows south along the U.S.
— West Coast. Eddies and plumes are formed by flows from major river
basins, such as the Juan de Fuca eddy from the Salish Sea and the
Columbia River plume. Sunlight and wind-driven upwelling affect
temperatures and provide energy and nutrients that fuel phytoplankton
production. Upwelling and bacterial activity reduce pH and dissolved
Xygen in deeper waters. Climate change may influence all of these

CLIMATE CHANGE




Conceptual models

ROCKY SHORES Il
ENVIRONMENTAL DRIVERS

Rocky shores are heavily exposed to physical forcing from environ-
mental drivers. The steeply sloped bottom produces high wave
energy, which can increase during storms, or be dampened by
seastacks or kelp forests. As tides advance or retreat, the intel
community is alternately inundated by turbulent water or expg
gradients of changing air temperatures, light, wind, desiccati
changes in salinity (evaporation; rainfall); higher intertidal eles
are exposed the longest. Scouring from sand or shifting of bould
causes further physical stress. Upwelling-derived nutrients supp
production by phytoplankton, algae and surfgrass.
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Conceptual models

-

- SEAFLOOR HABITAT IV
\ HUMAN ACTIVITIES

The continental shelf and slope support major commercial fisheries
for groundfish, crabs and shrimp, providing revenue and jobs for
] ington coastal communit !




All “illustrative” conceptual models
have “analytical” counterparts

Sedimentation Physical drivers

KELP FOREST HABITAT |

L R - - -
Severe storms Wind-driven upwelling Climate change
( Kelp forests typically are associated with wave-exposed rocky reefs
- from the subtidal zone down to about 60-meter depths. The
dominant canopy-forming kelp species in Washington is bull kelp,
which extends from rocky attachments to the surface during the
growing season. Many understory kelp species are found below.
Kelp provides three-dimensional habitat structure for many pelagic
and benthic species at the margins of the intertidal and open ocean
communities. This includes nursery habitat for young-of-the-year i i
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associated with it!



Assessing the “health” of WA coastal
ecosystems for marine spatial planning

2. Evaluate and select a portfolio of

indicators for the key components
of the conceptual models.




Indicator Evaluation Process
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Indicator Evaluation Process

* Transparent
 Repeatable
 Defensible
 Readily Updated

INDICATOR



Step 1: Identify Indicators

Compile a list of 100s of potential indicators that could be used
to measure key attributes in each conceptual model.

— Examples of potential indicators for kelp forest:

Ecological components
* Fisheries taxa
» Lingcod population size
- Abundance
- Landings
» Lingcod population condition

— Age structure
— Genetic diversity

* Focal species
> Sea otter population size
- Abundance

> Sea otter population condition
— Birth rates

Human activities
* (Ocean-based

» Extractions
- Commercial fishery landings
- Recreational fishery landings

- Derelict gear

» Commercial shipping
- # of vessel trips
- Port volume
- Volume of water disturbed




Step 2: Screen each indicator with criteria

Indicator Evaluation Criteria (Kershner et al. 2011)

Primary Data Other
considerations (5) considerations (7) considerations (5)
e Theoretically sound e Concrete and numerical e Understood by the
e Relevant to e Historical data public
management e Simple e History of reporting
concerns e Broad spatial coverage * Cost-effective
* Responds to changes e Continuous time series * Anticipatory
it A rloies e Spatial & temporal * Compatible (regional,
* Responds to changes variation understood national,

in management
e Linkable to targets

e Signal-to-noise ratio international)

* Indicators will then be “rated” for each criterion based on information in the
peer-reviewed literature



Step 3: Literature-based scoring

Criteria: Primary Data Other Su m

Indicators

. Supported =1




Step 4: Criteria weighting

Not all criteria are equally important

Polled 35 scientists, managers, and stakeholders
from Washington State.

Experts ranked each of the 17 criteria from 0 (“not
important”) to 1 (“highly important”)

Theoretically sound? | Spatial & temporal Easily understood by
variation understood? | public?
EtCo [ X N

1 0.75 0.5




Step 4: Criteria weighting

Criteria: Primary Data Other Weichted
eighte

Indicators:




Final tables for each habitat (ex.: seafloor)

Table 5. Summary of indicators and times senes duration for each component’s key attributes for
WAMSP seafloor habitat. T indicates data amn presentiy being anafyzed.

Tame period of
Component Astribube Indecabor duble dotn
Mean trophic level of groundfish 2003- 2013
Treghse structure Morthemn copepod anomaly 1996 - 2015
Biatio of scavengers o total biomass 2003 - 2013

Human sctivities
Biclogical Fiching Fisheries landings 1961 - 2014
Seafood demanrd Seafood consumgtion 1962- 2013

Ocean-bezed

activities Habitat modification Distance trawled 1999 - 2012
Atmpsphens 1994 2014
Land-bazed ) Organic 1953 - 2010
Bctivities Pallution re— 1885 2013
Marne debns 1999 - 2007

Phryzacal drivers
Waker pure Seafloar temperature 2003 — 014
Pacific Decadal Oscillaton 1900 - 2015
. Bl Mo events Mutvarate FI rti_‘r'nlnan 1950 - 2015
Northern Oscillation Incex 18438 - 2014
Soures waters Morth Pacific Gyre Oscillation index 1950 - 015
Northem copepod anomaly 1996 — M15
Upwelling index 1967 = ML
Upweting Sprimg transition index 1967 — 2015
. Current, eddies, plumes  Columbia River plume volume 1988 - M14
Ocemnographic ~ DO continental shelfisiope 2009 - 2004
oo e DD at Newport, OR. 150 m 1998 - 2012
) Ares of hyponia (Sept) 2006 - 2012
Habstat
Quantity S.a':rfet\-'pe mag A
Beogenic habitat map N
Physacal and Sesfloor temperature 2003 - 4012
biogenic habitat Comlity DO continental shelf/siope 2009 - 2012
) DO at Newport, OR, 150 m 15968 - 2014
Ares of hypoxia (Sept) 2006 - 2002
Pyt opiankton Pogulaton size Prytoplankton biomazs MaT
and bacteria Population condition Diztome: dinoflagellate mto WAT
Population size Prey Seld '1-de|: 1999 - 2014
Zooplankton Aezregate biomass NAT
Populaton condition Northern copepoc anomaly 15996 - 2015
Yhmrine cnow Popudaton size Mt yet evaluated MNA
and detritus Poouabon condition Mot pet evaluated A
Bentha Popuiaton zize Agrregate biomass NA
mvertebrates Population condition Spatial tructure/distribution NAT
Populaton sie Crab abundance |CPUE) 2003 - 2013
Populanon condition Condition factor (K) 2006 - 2014
Forage fizhes Section under development NA
Population sine Groundfish spp. abundance [CPUE) 2003 - 2013
Populaton condition Groundfich spp. szefage-soructure 2003 - 2014
Ecomymtem Sodvesity S'r'n-zr-:c'-bt-.ir_w 2003 - 2013
hesith Species richness 2003 - 2013

PHYSICAL DRIVERS

[cLMATE vaRIABILITY

SEAFLOOR TEMPERATURE

Temperature is one of the most important drivers in the ocean. Doean temperature regulates the rate of
metabolism for mest onzanisms and regulates the base of the food web. In 'WAMSP waters, cooler
temperatures generally result in 3 prey Baze that containg energy-rich northern species, which promote
high growth in consumers, whereas warmer temperatures generally promote southern species that are
of much lower nutritional quality (Hooff and Peterson 2008, Peterson 2008). As indicavors of ocean
temperatures in WAMSP waters, we selected seafloor temperatures off the Washington coast as
measured during the NWF5C's Groundfizh Bottom Trawl Survey of the continentzl shelf and slope from
55 - 1280 m during the summer manths, and the Pacific Decadal Ozcillation (PDO) a2 3 broad-zcale
indicator of changes in ocean temperatunes in the North Pacific. Ower the last five years, seafloor
temperatures across the continental shelf and slope showed no trend, whereas the PDO shifted from a

cool phase to a warm phase (Figure 30)

48




Detail from seafloor final indicator table

Table 5. Summary of indicators and times series duration for each component’s key attributes for
WAMSP seafloor habitat. T indicates data are presently being analyzed.

Time period of

Component Attribute Indicator el
Physical drivers
Seafloor temperature 2003 - 2014
Water temperature —
Pacific Decadal Oscillation 1900 - 2015
) . Multivariate El Nifio Index 1950 — 2015
Climatic El Nino events
Northern Oscillation Index 1948 — 2014
North Pacific Gyre Oscillation index 1950 - 2015
Source waters
Northern copepod anomaly 1996 — 2015
Upwelling index 1967 — 2014
Upwelling
Spring transition index 1967 — 2015
) Currents, eddies, plumes  Columbia River plume volume 1999 — 2014
Oceanographic
DO continental shelf/slope 2009 - 2014
Low dissolved oxygen
S DO at Newport, OR, 150 m 1998 - 2014
(DO) events
Area of hypoxia (Sept) 2006 - 2012
Habitat
Substrate type ma NA
Quantity L P
Biogenic habitat map NA
Physical and Seafloor temperature 2003 — 2012
biogenic habitat _— DO continental shelf/slope 2009 - 2014
juality
DO at Newport, OR, 150 m 1998 - 2014
Area of hypoxia (Sept) 2006 - 2012




Assessing the “health” of WA coastal
ecosystems for marine spatial planning

3. Quantify the status and trends of
these indicators.




SST (deg °C)

SST (deg °C)

Two ways to track status and trends

1. Temporally

SST winter (Cape Elizabeth buoy) Pacific Decadal Oscillation
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Two ways to track

2. Spatiotemporally

Anom (Jan, Feb Mar) 2015

status and trends
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Two ways to track status and trends

5 yr mean 2011-2015 5 yr trend 2011-2015
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VASTLY more often than not, our status & trends plots are temporal (left)

As much as anything, that’s an issue of the way monitoring is currently
done, at index sites

MSP approach likely will require more focus on spatiotemporal data, but
the indicators themselves are (we hope) robust

OCNMS Condition Reports may be able to use both approaches



Highlights




PDO

Some status & trends highlights: pelagic

SST = highly ranked indicator of climate drivers, habitat quality
It’s been getting warmer
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Some status & trends highlights: pelagic

* Key indicators of ecological integrity (food web “health”):
chrorophyll a and abundance of northern copepods
* A transition may be occurring...
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Biomass anomaly

Some status & trends highlights: pelagic

Key indicators of ecological integrity (food web “health”):
chrorophyll a and abundance of northern copepods
A transition may be occurring...

Northern copepod biomass anomaly




DO (ml/L)

Some status & trends highlights: seafloor

DO = highly ranked indicator of oceanographic drivers,
habitat quality
No real surprises here, | don’t think, though many of these
time series are short and not terribly spatially refined yet
Seafloor dissolved oxygen of continental shelf Seafloor dissolved oxygen of continental slope
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Some status & trends highlights: seafloor

* Substrate and biogenic habitats rated highly for habitat quantity
* We mainly have a snapshot, from EFH work, but it’s a start

126" W 125°W 128 W
L L 1 1 I

Observations
¢+ coral
*  pennatulid
¢ sponge
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B mixed
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CPUE (kg/km*2)

CPUE (kg/km*2)

Some status & trends highlights: seafloor

* Groundfish CPUE, size/age structure were highly rated

 Crustacean CPUE and Tanner crab female condition also

 Time series are short, so should be interpreted with care;
trends have been stable or increasing in WAMSP region

Greenstriped rockfish abundance Yelloweye rockfish abundance
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CPUE (kg/km*2)

Some status & trends highlights: seafloor

* Groundfish CPUE, size/age structure were highly rated

 Crustacean CPUE and Tanner crab female condition also

 Time series are short, so should be interpreted with care;
trends have been stable or increasing in WAMSP region

Dungeness crab abundance Tanner crab abundance

Condition factor (K)




Some status & trends highlights: kelp forests

* Kelp coverage: highly ranked indicator of habitat quantity
(whew!)

e Coverage in WAMSP waters appears pretty stable from 2000
to 2012

Kelp Coverage
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Some status & trends highlights: kelp forests

Wind gusts: highly rated indicator of local weather drivers
Long term trend is stable but highly variable; analysis may
need some refinement

10

Wind gusts (m/s)

Wind gusts at Destruction Island
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Some status & trends highlights: kelp forests

* Sea otters: highly rated as indicator of ecological integrity
 Abundance stable but at (recent) historic peak, reproductive
output appears stable though below historic peak

Sea otter abundance
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Some status & trends highlights: kelp forests

* Recreational landings are highly rated indicator of human-
derived biological extraction & mortality

 Recreational landings of kelp forest spp. in WA waters appears
fairly stable going back to the mid 1980s

Recreational landings of kelp forest species

Landings (mt)
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Some status & trends highlights: rocky shore

Overall, we could only connect very few indicators to time series
data, though that more likely reflects our limitations than the
reality of what’s out there

One example: wave height, a highly rated indicator of local
weather impacts

Wave height @ Grays Harbor buoy trended down over last 5 yr

Daily maximum wave height
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Summary

* |Indicator development in support of MSP goals
has been a linked, multi-step process

— Developing conceptual models



A Estuary habitat components
Food web connections
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SEAFLOOR HABITAT II
\ ENVIRONMENTAL DRIVERS

Physical and chemical conditions on the seafloor are driven by
large-scale environmental drivers. The prevailing water masses that
ine water tempe ] ity are a function of the
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Summary

* |Indicator development in support of MSP goals
has been a linked, multi-step process

— Developing conceptual models

— Developing indicators linked to those models
* Selection
* Screening criteria
* Weighting
— Finding time series of data for highly rated indicators

— Key product: sets of robust indicators that scored the
highest out of all of the 100s of possibilities



Summary

* Next steps

— We are writing detailed appendices for each of the
habitats, attributes and indicators, which we hope to
complete this calendar year

— We are closely connected to the California Current
Integrated Ecosystem Assessment (IEA)

— |[EA group will be discussing how IEA methods and
findings thus far can be used to inform the OCNMS
Condition Report...we want to collaborate with you!



Summary

— |Identify, close indicator and data gaps

Some status
and trends

Still developing

Mo data sets
available
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Happy 215t Birthday, OCNMS!

This image does not reflect opinions or endorsements from NOAA



Questions?

* Questions later? Drop us a line at:
— Kelly.Andrews@noaa.gov
— Chris.Harvey@noaa.gov
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